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[57] ABSTRACT 

A plastic material composed of silicon carbide powder, 
polycaibosilane, organic solvent, and optionally boion com- 
pounds and/or. other additives, prefer^ly porosity agents; 
and the use of this plastic composition for producing shaped 
parts and semi-finished products by plastic shaping. 
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PLASTIC MATERIAL COMPOSED OF 
SnJCON CARBIDE, DIRECTLY-PREPARED 
POLYCARBOSILANE AND ORGANIC 
SOLVENT 

5 

BACKGROUND OF THE INVENTION 

This invention relates to a plastic material composed of 
silicon carbide powder and organo-silicon compounds; to 
theusethereof for produinng shaped parts and semi-finished lO 
products, and to a process for pixxhidng ceramic articles. 

It is known to coat shaped bodies with oigaao-silicon 
compounds in order to improve the corrosion resistance, 
heat resistance and oxidation resistance of these shaped 
bodies by a subsequent heat treatmeoL 

The use of oiigano-silicon compounds as binders for 
silicon carbide powders is likewise known. DE-OS 3 007 
384 describes the possibility of kneading silicon powder 
with a sintering aid and an organo-silicon polymer under the 
action of heat, and shaping this mixture by injection mold- ^ 
ing, and then baking it to form heat-resistant ceramic 
articles. In this case, polyborosiloxanes or polycarbosilanes 
which contain methyKgroups and hydrogen as substituents 
on the silicon of the molecule skeleton are used as the 
organosilicon polymer. ^ 

A mixture of silicon carbide powder, an organo-silicon 
compound and a lubricant, selected from the group of the 
higher fatty acids, is known from DE-OS 3 409 385. This 
mixture can be shaped into moldings and sintered. In this 
case, the use of the lubricant is essential in order to impart 
to the mixture good flowability and improved mold-separa- 
tion ability, because it is likewise known that mixtures of 
silicon cariside powder and an organo-silicon compound 
have low flowability. This means that such mixtures cannot 3^ 
be plastically deformed or the mixture remains adhering to 
the molds, even if the molds are coated with parting agents, 
so the molded articles are very often faulty. For this reason, 
mass production of molded products is difficult or impos- 
sible. 

A further disadvantage of the known solutions is the low 
ceramic yield, since during the ceramic treatment e.g. the 
lubricant has to be burned out, which necessarily results in 
an increase in porosity. 

SUMMARY OF THE INVENTION 
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It is the object of the invention to provide an improved 
ceramisizable plastic composition. 

A further object of the invention is to provide a plastic so 
composition which can be formed into the desired shape by 
plastic shaping and can then be ceramicized. 

Another object of the invention is to provide a cerami- 
sizable plastic composition whidi can be used directly due 
to its plastic properties. 

An additional object of the invention is to provide a 
moldable and ceramisizable plastic composition which 
achieves a high ceramic yield upon ceranndzatitRi of the 
molded articles. 
Yet another objea of the invention is to provide a method 

.ffTOTanfl rprami<ri7ahlc Rhaped^aiticles 

A still further object of the invention is to provide a 
method of producing a ceramic -ceramic composite. 

; aiui other objects of the mvention are achieved by 65 
providing a plastic composition comprising 50 to 95 parts by 
weight silicon carbide powder, 50 to 5 parts by weight 
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directly-prepared polycarbosiiane containing phenyl groups, 
atKl 6 to 30 parts by weight organic solvent in which said 
polycarbosiiane is soluble or swellable. 

In accordance with a further preferred aspect of the 
invention, the plastic con^sition further comprises from 
0. 1 to 3 parts by weight boron compound. 

In accordance with a further aspect of the invention, the 
objects are also achieved by providing a method of produc- 
ing a shaped article comprising providing a plastic compo- 
sition comprising 50 to 95 parts by weight silicon carbide 
powder, 50 to 5 pans by weight directly-prepared polycar- 
bosiiane containing phenyl groups, and 6 to 30 parts by 
weight organic solvent in which said polycarbosiiane is 
soluble or sweUable; and forming said plasdc con^osition 
into a shape cocresponding to said shaped ardcle. The 
shaped article may be ceramicized by subsequent heat 
treatment 

In accordance with yet arK)ther preferred aspect of the 
invention, the objects are additionally achieved by providing 
a method for producing a ceramic-ceramic composite com- 
prising first and second ceramic parts, wherein the method 
comprises forming an assembly comprising said first and 
second ceramic parts with a plastic composition comprising 
50 to 95 parts by weight silicon carbide powder, 50 to 5 parts 
by weight direcdy-prepared polycarbosiiane containing phe- 
nyl groups, and 6 to 30 parts by weight organic solvent jn 
which said pol ycaifaosilane is s ^lnhlft nr sivfiig>ii*> jntfT- 
ppsed tfierebetwecn ; and heat treating the assembly to 
ceraimaze th ^ plastic composition-and bond tft e tirst an? 
second ceram ic pfl^t^ t^jsachLOth er. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

According to the invention, the plasdc material is char- 
acterized by a mixture of 

50 to 95 parts by weight silicon carbide powder, 

5 to 50 parts by weight directly-prepared polycarbosilanes 
containing phenyl groups, 

optionally 0.1 to 3 parts by weight of a boron compound, 
and 6 to 30 parts by weight organic solvent, in which the 
polycarbosiiane is soluble or swellable. 

Advantageously, polycarbosilanes corresponding to the 
genera] formula I, 

R» (0 

-Si-A- 
I 

in which 

R' stands for aryl, preferably phenyl, 
R^ stands for H, alkyl, cycloalkyl, aryl or arylalkyl, R^ 
also being able to have different meanings in different 
units of one and the same polycartrasilane, and 
A stands for a straight-chain or branched alkylene radical 
or for a cycloalkylene radical, A also being able to have 
different meanings in different units of one and the' 
same polycarbosiiane, and up to a maximum of 50% of 
the stmc&iral units of the general formula I being able 
to be replaced by snuctural units of the general fonnula 

n. 
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wherein R'* and R^' stand for alkyl, cycloalkyl or arylalkyl, 
and R'* and R^' may also have different meanings in cHfferent 
units of one and the same polycaibosilane, and A stands for 
a straight-chain or branched alkylene radical or for a 
cycloalkylene radical, A also being able to have di£Ferent 
meanings in different units of one and the same polycar- 
bosilane, are used as polycarbosilanes. 

Such polycarbosilanes are produced by reacting the cor- 
responding dihalosilanes with corresponding dihalohydro- 
carbons in the presence of alkali metal or magnesium. 

Polycarbosilanes which have hetero elements, preferably 
boron or titanium, incorporated in the polycarbosilane struc- 
ture may also be used. The hetero elements in this case, just 
like the silicon atoms, are linked to the other units of the 
polycarbosilane via alkylene, cycloalkylene or arylene radi- 
cals. Such polycarbosilanes which contain hetero atoms are 
produced by co-condensation of a dihalohetero atom, pref- 
erably with boron or titanium as hetero atom, with at least 
one dihalosilane and at least one dihalohydrocarbon in the 
presence of alkali metal or magnesium. 

If polycarbosilanes containing such hetero atoms are used 
as constituents of the mixture, the addition of a boron 
compound can be omitted. 

Preferably boron carbide, boron or borides are used as 
boron compounds. 

As used herein the term "swellable polycarbosilanes" 
refers to polycarbosilanes which correspond to the general 
formula I or I and n and which have been deliberately 
cross-linked by heat treatment 

According to the invention, the plastic material contains 
organic solvent from the group consisting of alkanes, chlo- 
roalkanes, aromatics, ethers, polyethers or polyglycols. Pref- 
erably, xylene, triethylene glycol dimethyl ether or polyeth- 
ylene glycol are used, or solvents which have a boiling point 
of more than 100** C, 

The suitable proportion of the solvent can lie within the 
range of 6 to 30 parts by weight, relative to the weight of the ^o 
total mass of the plastic material, with the amount depending 
on the desired used of the plastic material. 

Optionally, also additional auxiliary additives, preferably 
those which increase the porosity of the ceramic parts, may 
be added to the plastic material according to the invention. 45 

To produce the mixture, first of all the polycarbosilanes 
may be dissolved or swollen in the solvent and then 1^ 
kneaded with |h& fiijicon carbide powder and the other 
cons tituents, or the imxture consoiue nts ar<i ailiiumiiicously^' 
Dupt mto contact with each other. 50 
bidef to swell a polycart}OSilane,^tHe solvent is mixed 
with the polycarbosilane and the mixture is allowed to stand 
for approximately 2 hours. Then they are homogenized in an 
Ultraturrax mixer and then brought into contact with the 
other mixture constituents. 

After thorough mixing or kneading of the mixture, the 
excess solvent can be evaporated off up to a desired extent 
The resulting plastic material can then be formed to the 
desired shape, e.g. by plastic shaping such as molding, 
extrusion forming or ixgection molding, and then cerami- 
cized under conventional ceramicization conditions. Due to 
the namre of the mixture constiUients. the ceramic yield is 
high, and it is possible to obtain dense molded articles by 
sintering. 

The ceramicization usuaUy takes place at temperatures 
above 1 ,000° C. and the sintering into dense molded articles 
at temperatures above 2,000* C 
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With the material according to the invention, it is also 
possible to produce porous ceramic molded articles. In this 
case, a so-called porosity agent is added to the plastic 
material as a mixture constituent, in a quantity which 
corresponds to the desired porosity of the ceramicized 
molded articles. Examples of suitable porosity agents 
include starch, wood flour and carbon or coal. The cerami- 
cization and optionally sintering take place under the above 
known conditions. 

The resulting porous molded articles are distinguished by 
high strength as a result of their highly dense matrix sur- 
rounding the pores. 

It is likewise possible to use the plastic material to 
produce ceramic-ceramic composites, in that the parts to be 
joined are fitted together with the plastic material and are 
then bimied at T>900° C. Likewise, it is possible to use the 
plastic material directly owing to its good plastic deform- 
ability, without subsequent heat treatment having to take 
place. 

Because of its properties, the material according to the 
invention can be used both for the mass production of 
molded articles or semi-finished products of widely- varying 
shapes and for the production of complicated shapes. The 
possibility of adapting the viscosity of the material or its 
flow behavior to the desired shaping process in each case by 
varying the content of solvent is a further advantage of the 
material according to the invention. 

The following examples are intended to illustrate the 
inveiudon in further detail without limiting its scope. 

Various shapes were produced &om the materia] accoitl- 
ing to the invention by extrusion. An extruder of known 
construction was used. Pressures of at least 10 to 70 MPa 
were required at the mouth of the extruder. The application 
of higher pressures increases the transport rate. 

The production of very thin strands, e.g. strands having a 
diameter of 0.2 mm, requires the use of substances richer in 
solvent than the production of volimiinoiis strands, e.g. 
tubes, which is possible only with the use of compositions 
with lower solvent contents. 

The following strand forms were produced: 

A cylindrical, diameter 0.2 mm 

B cylindrical, diameter O.S rtun 

C cylindrical, diameter 3.0 mm 

D tube, external diameter 35 nmi, internal diameter IS 
mm, 

TABLE 1 
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The foregoing description and examples have been set 
foith merely to illustraie the invention and are not intended 
to be limiting. Since modifications of the disclosed embodi- 
ments incorporating the spirit and substance of the invention 
may occur to persons skilled in the art, the invention should 
be construed to include everything within the scope of the 
appended claims and equivalents thereof. ^5 

What is claimed is: 

1. A method of producing a shaped article comprising the 
steps of: 

providing a plastic composition comprising 50 to 95 parts 
by weight silicon carbide powder, 50 to 5 parts by 20 
weight directly-prepared polycaibosilanc containing 
phenyl groups, and 6 to 30 parts by weight organic 
solvent in which said polycaibosilane is soluble or 
swellabie; and 

casting, injection molding or extruding said plastic com- ^ 
position into a shape corresponding to said shaped 
artide, and 

heat treating said shaped article to form a ceramicized 
shaped article. 

2. A method according to claim 1, wherein said heat 
treatment is carried •out at a temperature above 1000° C 

3. A method according to claim 1, wherein said plastic 
composition further corr^ses from 0. 1 to 3 parts by weight 
boron compoimd. 

4. A me^od according to claim 1, wherein said organic 
solvent is selected &om the group consisting of alkanes. 



chloroalkanes, aromatics, ethers, polycthers. polyglycols 
and mixtures thereof. 

5. A method according to claim 4. wherein said organic 
solvent comprises xylene, triethylene glycol dimethyl ether 
or polyethylene glycol. 

6. A method for producing a ceramic-ceramic composite 
comprising first and second ceramic parts; said method 
comprising the steps of: 

forming an assembly comprising said first and second 
cermnic parts with a plastic composition comprising 50 
to 95 parts by weight silicon carbide powd^, 50 to 5 
parts by weight directly-prepared polycarbosilane con- 
taining phenyl groups, and 6 to 30 parts by weight 
organic solvent in which said polycarbosilane is soluble 
or swellabie interposed therebetween; and 

heat treating said assembly to ceramicize said plastic 
composition and bond said first and second ceramic 
parts to each other. 

7. A method according to claim 6, wherein said plastic 
composition further comprises finom 0.1 to 3 parts by weight 
boron confound. 

8. A method according to claim 6, wh^n said organic 
solvent is selected &om the group consisting of alkanes, 
chloroalkanes, aromatics, ethers, polyethers, polyglycols 
and mixtures thereof. 

9. A method according to claim 8, wherein said organic 
solvent comprises xylene, triethylene glycol dimethyl ether 
or polyethylene glycol. 

10. A method according to claim 6, wherein said plastic 
composition further comprises a porosity increasing additive 
selected from the group consisting of starch, wood flour and 
coal. 
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